Purposes: Intralobar pulmonary sequestration is a rare congenital anomaly that causes nonspecific respiratory symptoms. This report presented our surgical experience for pediatric cases of intralobar pulmonary sequestration in our institute. Methods: Between 2002 and 2014, 30 pediatric patients with intralobar pulmonary sequestration underwent lobectomy. The clinical characteristics of patients were retrospectively analyzed using medical records and imaging data. Results: The median age at operation was 23 months. The sequestered lung was situated in the right lower lung in 15 cases and in the left lower lung in 15 cases. Eight cases were prenatally diagnosed by fetal ultrasound and magnetic resonance imaging. One aberrant artery was seen in 26 cases and two aberrant arteries in 4 cases. The drainage vein from the sequestered lung was: 1) the pulmonary vein in 27 cases; 2) the inferior vena cava in 1 case; and 3) the azygos vein and the pulmonary vein in 2 cases. All patients underwent lower lobectomy of the affected side without postoperative early and long-term complications. Conclusion: Due to the increased rate of prenatal diagnoses, the age at operation has decreased. With respect to safety, it is vital to ascertain the number of aberrant arteries and the venous drainage route before lobectomy.
Introduction
Pulmonary sequestration is a relatively rare congenital lung malformation that accounts for between 0.15% and 6.4% of all congenital pulmonary malformations [1] . It is classified into two types, extralobar sequestration (ELS) and intralobar sequestration (ILS).
ELS is separated from normal lung tissue by its visceral pleura, whereas ILS is incorporated within normal lung tissue [2] . In both ILS and ELS, the sequestered lung is supplied by anomalous arteries (aberrant arteries) from the systemic circulation [3] . Aberrant arteries usually arise directly from the aorta, but they may also originate from the intercostal, subclavian or celiac artery. If repetitive infections occur in the sequestered lung tissue, spreading inflammation makes it very difficult to obtain an adequate operative view. Therefore, to ensure safety, it is important to collect comprehensive preoperative information on the site of the sequestered lung, the number of aberrant arteries, and the route of the draining vein.
In this study, a retrospective analysis was conducted to examine the clinical characteristics of 30 pediatric patients who received a lobectomy for ILS over the last 13 years.
The rate of prenatally diagnosed case is 27%, which is higher than that reported before.
The characteristics of the aberrant vessels in our series are almost the same as those in the past large series.
Methods
The study population was composed of 30 pediatric ILS patients who underwent lobectomy of the affected lung at our center between March 2002 and December 2014.
Chest computed tomography (CT) and aortography were performed in all patients to gather detailed information on the locus of the lesion, the aberrant arteries, and the drainage veins. In case to need the more information of the abnormal vessels, selective arteriography such as aberrant arteriography was added. These examinations were done by the radiologists following the principle of "ALARA (as low as reasonably achievable)". A retrospective analysis was conducted using data from medical records and imaging examinations, as follows: Age, gender, affected lobe, past history of pneumonia, age at the operation, the number of the aberrant arteries, venous drainage from the ILS, and postoperative respiratory function.
Results
Between 2002 and 2014, a total of 30 pediatric patients with ILS, including 10 males and 20 females, underwent lobectomy. The age at operation ranged from 11 months to 124 months (median, 23 months). Eight (27%) cases were prenatally diagnosed. Without exception, the sequestered lung was located at the lower lobe. The lesions were at the left lower lobe and the right lower lobe in 15 cases each. There were 20 cases (67%) with a history of pneumonia before the lobectomy and no patient had respiratory distress before operation, but all 30 cases had an uneventful recovery after the operation ( Table   1) .
As depicted in Figure 1 , the sequestered lung was supplied by a single aberrant artery in 26 cases (87%), and by two aberrant arteries in the other four cases (13%). A single aberrant artery from the abdominal aorta was found in 11 cases (37%), whereas two aberrant arteries from the abdominal aorta were observed in three cases (10%; Figure   2 (a) and Figure 2(b) ). Four cases (13%) had a single aberrant artery originating from the celiac artery. A single aberrant artery from the thoracic aorta was found in 11 cases (37%). One case (3.3%) had two aberrant arteries from the thoracic aorta.
In 27 cases, the drainage vein from the sequestered lung flowed into the lower pulmonary vein (90%; Table 2 ). Venous return from the affected lung was via the inferior vena cava in one case (3.3%; Figure 3(a) ), and the pulmonary vein and azygos vein in two cases (6.3%; Figure 3(b) ).
All patients underwent lower lobectomy of the affected side. No postoperative complications occurred and no long term complication was experienced in each patients. Table 1 Figure 3 . Drainage vein from the sequestered lung, (a) Drainage vein into the inferior vena cava (b) drainage vein into the azygos vein and inferior pulmonary vein; (c) intraoperative image shows two aberrant arteries (white arrow head), and one drainage vein encircled by vessel tape (black arrow) that flows into the azygos vein. It is important to be aware that these three vessels run alongside each other within the pulmonary ligament.
Discussion
Pulmonary sequestration was first reported in 1877 by Huber et al., but the name "sequestration" was coined by Pryce in 1946 [3] . The pathogenesis of pulmonary sequestration is attributed to malformation of the lung bud in the early embryonic period, resulting in a separate lung tissue. The sequestered lung has no respiratory function but it has an aberrant arterial supply from the systemic circulation [4] . Recurrent respiratory symptoms, including productive cough, chest pain, fever, hemoptysis and pneumonia, are typical complaints in children and adults. The presence of these nonspecific respiratory symptoms usually prompts physicians to investigate for pulmonary sequestra-
Here, we reported on a consecutive series of pediatric ILS cases from the last 13 years, which is the largest pediatric case series. The findings are consistent with recent changes in the characteristics of pediatric ILS patients. In particular, prenatal diagnosis by fetal ultrasound and magnetic resonance scanning has become more popular, leading to an increase in the rate of prenatal diagnoses. In this study, 27% of patients were prenatally diagnosed according to evidence of cystic lung lesions and the existence of an aberrant artery. The median age at operation was 23 months. A previous report demonstrated that ILS is usually diagnosed after the age of 2 years [7] by respiratory symptoms. In our case series, there were eight prenatally diagnosed cases and the median age at operation is apparently lower than that in past reports.
ILS tends to occur in the medial or posterior basal segments of the lower lobe, and it is slightly more common in the left lung than the right [7] . However, in our series, there was an equal distribution with respect to the affected side. Also, there were twice as many females than males, whose result was not consistent with the past reports [8] .
The standard treatment for ILS is lobectomy of the sequestered lesion. In the majori- had two aberrant arteries, while 40 of 813 cases (4.92%) had more than three aberrant arteries [6] . In our series, the numbers of aberrant arteries were similar in proportion to
Wei's study. Of note, the incidence of two or three aberrant arteries in ILS is 10% to
In contrast to the venous drainage patterns observed in the present study, Savic et al.
found that only 19 of 373 ILS cases (5%) had a venous outflow other than the pulmonary vein [9] . An analysis by Jotsuka et al. of Japanese studies published over a 10-year period indicated that only 3 of 92 cases (3.2%) of ILS had systemic venous drainage [10] . In our study, 10% of cases had drainage veins toward the systemic circulation.
This incident rate is important to bear in mind when treating ILS because drainage to the systemic circulation flows parallel to the aberrant artery (Figure 3(c) ) and unexpected bleeding may occur if the vessel is not identified.
This paper summarized the experience in one institute and only 30 cases were sur-veyed. In this point it is difficult to get a universal character of pediatric ILS from our data, but we concluded that it is very important to determine the pattern of blood supply and venous drainage in ILS to ensure safe operative procedures. For that reason, preoperative assessment using chest CT and aortography may be important and useful for pediatric surgeons.
